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Introduction

In geophysical terms, China is a “data rich” country. However it is often very
difficult for Western scientists to access the available information or identify individuals
responsible for program development. The USGS has largely bypassed this bottleneck by
virtue of more than two decades of collaborative research based on an official Protocol
Agreement.

Geologic and geophysical data are collected by many agencies in China, including
the Ministry of Geology and Natural Resources (MGNR), Chinese Academy of Sciences,
and the State Seismological Bureau (SSB). The USGS cooperation has primarily been
with the SSB. and is based on a formal Protocol established in 1976, which undergoes an
annual review. More limited cooperation has taken place with the MGNR. At present the
USGS maintains about a dozen cooperative projects with the SSB. One conspicuously
successful aspect of the USGS program with the SSB is the operation of the 11-station
Chinese Digital Seismographic Network (CDSN), which feeds data to US investigators.
The aspect of the USGS program involving seismological studies of the crust and
uppermost mantle of China has also long been very active.

The USGS emphasis on cooperation with the SSB is fortuitous in view of the fact
that the Central Government decided during the April, 1998, Party Congress to reduce
the number of State employees and number of Ministries by more than half. During this
shuffle the MGNR will be reduced in size and placed under the administration of the new
Ministry of Land and Resources. The Chinese Academy of Sciences will see many
changes, including the reduction and merging of the Institute of Geology and Institute of
Geophysics into an organization that has not yet been identified. The SSB, which is not
administered by any Ministry, will be strengthened and will almost certainly emerge as
the leading organization for geophysics within China. The full scope of its
responsibilities related to CTBT research is not well known.

This report is focused on the crustal structure of China. Completed research is
summarized in seven chapters. The location of the seven study areas is presented in
Figure 1. Many of the results reported here have not been published, and are not available
elsewhere. No attempt is made in this introduction to summarize these seven chapters; the
abstracts serve this purpose.



Milestones and Deliverables
1. Compilation of Geophysical Data and Results:

New geophysical interpretations and/or seismological data have been provided by the
Chinese for the seven study areas in Figure 1. In five of the seven study areas, USGS
staff have participated in the analysis of the data and report preparation, most of which
was completed in our Menlo Park, California, office. Thus, all results are available in
digitial form. Of greatest significance are: (1) the long-range “Geoscience Transect”
extending from NW China, across the entire country, to the coast opposite the Island of
Taiwan (Chapters 2.1 and 2.2), (2) profile data from East-central China near Wuhan
(Chapter 2.3); and (3) network data from SW China (Yunnan and Schezwan Provinces;
Chapter 2.6); and (4) a new synthesis of the crustal structure of China (Chapter 2.7).

In addition, Walter D. Mooney served as the English language editor of the Atlas of
Geophysics in China (Geological Publishing House, 1996), and copies of this book have
been provided by the Chinese to Dr. Mooney, who has passed them on to Dr. W. Brunish
and Dr. G. Randall, LANL (New Mexico). For reasons that are not clear, it is very
difficult to obtain this book (priced at $200 US per copy), even in China.

2. Exchange of High-level Scientists and Administrators:

High-level Chinese scientists have been sponsored at the USGS-Menlo Park, thereby
providing access to data, interpretations, and information regarding future research plans.
In 1997/98 we sponsored the Deputy Director of the SSB (Prof. He), the Director of
International Cooperation, (Madame Wang Hongzhen), the Director and Vice-Director of
the Institute of Geophysics (Prof. Chen Yuntai and Wang Chunyong, respectively), the
Bureau Chief of the SSB in Jinjiang Province, and six other important administrators. It is
on the basis of such visits that American investigators can reasonably expect access to
Chinese interpretations, and to establish personal contacts as the need arises. Because of
the size and diversity of Chinese geophysical research institutions, ranging from the
centralized SSB offices in Beijing to small, but active Provincial Bureaus, it is difficult to
anticipate opportunities to gather data relevant to CTBT monitoring. Openness and
visibility within the Chinese scientific community is critical.

3. Workshop Plans (November, 1998)

The SSB Director of International Relations has agreed to sponsor a workshop
entitled “Geodynamics and Earthquake Hazards in China”, to be held in Shanghai in -
November (date changed from July). Prof. Francis Wu, Dr. Leonard E. Johnson, and Dr.
Mooney will be co-convenors on the American side, and will nominate participants. This
workshop was initiated on the American side to broaden bilateral discussions.




4. Invitation to participate in a major field program, West-central China, 1998

American investigators has been invited to participate in a major explosion-seismology
field investigation to take place in West-central China in June, 1999. The Project Chief,
Prof. Wang Chunyong, visited Menlo Park for three months in 1998 to discuss this and
related topics. This project will involve 12 large chemical shots fired in water bodies and
borehole. The profile is located at a latitude of 30° N., from 95° to 105° E (east flank of
the Tibetan Plateau. The nature and extent of potential American participation is still
under discussion.

5. Coordination of field programs, 1997/1998

We have fostered US participation (lead by Prof. Francis Wu) in an SSB project that
includes passive seismic recording in NE China, on the border with North Korea. US
participation in this project negotiated “on the spot™ at the October, 1997, US-SSB
Coordinators Meeting in Beijing attended by Mooney and Wu. Dr. Mooney and Dr. L.E.
Johnson (NSF) meet on an annual basis for a four day US-PRC Coordinator’s meeting to
negotiate the list of approved activities between the SSB and America for the coming
year. The next coordinator’s meeting will be held in September, 1998, at the USGS
Seismological Laboratory in Albuquerque, New Mexico. The site was chosen in part to
facilitate potential interaction with the staff of the Los Alamos National Laboratory. It is
proposed that potential American participation in a large-scale seismic experiment in
West-central China (item 4) be negotiated at this important September meeting.

Conclusions

We achieved all of the goals we set out for this activity, and have also capitalized
on some unexpected opportunities. We continue to have a good working relationship with
the leading geophysical organization in China, the State Seismological Bureau (SSB), and
with the Ministry of Geology and Mineral Resources (MGMR). This relationship has
yielded new, unpublished data and interpretations that have allowed us to characterize the
properties of the crust and uppermost mantle of China. This relationship has also provided
American scientists with access to scientific decision makers, and given us prior
knowledge of major scientific initiatives of interest to CTBT monitoring research.
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ABSTRACT

We present a new crustal cross-section across northwest China based on a seismic
refraction profile and geological mapping. The 1100 km-long seismic refraction profile,
located on the northwesternmost part of the Geoscience Transect from Taiwan to Altai,
crosses the southern margin of the Altai block, the Junggar Accretional Belt, the Tianshan
Accretional Belt and the Tarim Platform. P- and S-wave seismic data acquired along this
profile were used to model both the crustal velocity structure and Poisson’s ratio in a
section through the crust and upper mantle. The largest difference in crustal thickness is
located at the northern end of the profile, where over a distance of <400 km, it varies from
54 km thick under the Altai block to 46 km thick under the Junggar Basin. On the
southern side of the basin, the crustal thickness increases to about 49 km, and it remains
this thickness over the rest of the southern portion of the profile, with only slight variation.
Higher velocity crust with Poisson’s ratio of 6=0.25-0.28 (V,/V,=1.73-1.81), observed
below the Junggar Accretional Belt, may imply either a mafic crystalline Precambrian
basement or imbricated Paleozoic accretionary belt, whereas the lower Poisson’s ratios
0=0.25-0.26 (V/V=1.73-1.76), modeled through the crust in the Tianshan province, may
imply a more granitic composition. The upper and middle crust of the Tarim Platform has
a Poisson’s ratio of around 0.25 (V,/V,=1.73), with lower average P-wave velocities than

the Tianshan accretional belt (6.0-6.3 km/s and 6.1-6.5 km/s, respectively), suggesting



highly fractured units in the Tarim Platform. A mid-crustal low-velocity layer (V;=5.9
km/s, 6=0.25) straddles the Tianshan-Tarim boundary and is underlain by a lower crust,
suggesting that Kushui Fault probably indicates the boundary between Tianshan fold belt
and Tarim platform. Observed P, velocities seem to vary with tectonic province as we
observed P, velocities of 7.7~7.8 km/m between Bogdashan and Tianshan and 7.9~8.0
km/s below the Altai fold belt and Tarim Platform.

INTRODUCTION

In 1988, as part of the Geoscience Transect from Taiwan to Altai (GTTA), the
Chinese Ministry of Geology and Mineral Resources (MGMR) collected 3-component
seismic data along a 1100 km-long seismic refraction profile across northwest China (Fig.
1). The goal of this project was to gain a better understanding of the deep crustal structure
beneath different tectonic provinces in the area, and to provide crustal data for mineral
resource development (Xu and Wang 1991; Wang 1992; Yuan, Zuo, and Zhang 1992;
Yuan, Zuo, and Zhang 1992 and1994).

Some information regarding the crustal crustal velocity structure has already been
compiled for this area using tomography, including body and surface waves from
earthquake data (Futian et al. 1989; Teng et al. 1992,1994; Feng et al. 1980; H. Mahdi
and G. L. Pavlis, 1998). In recent years, advances in processing techniques for 3-
component data have enabled us to model both the P- and S-wave velocity structure from
the data collected along the profile, and to infer compositional changes within the crust
and uppermost mantle from the modeled Vp/Vs or Poisson’s ratios (Gajewski et al. 1990,
Kosminskaya 1995; Castagna 1985; Eesley 1989; Carbonell and Smithson 1995; Krilov et
al. 1995a; Holbrook et al. 1988; Holbrook, W.D. Mooney, and Christensen 1992) .

GENERAL TECTONICS OF NORTHWEST CHINA

Like many other continental regions, the geology of northwestern China consists
of Precambrian cratons surrounded by accreted terranes that make up fold belts of various
ages. Accretion probably commenced at different times around each craton, ranging from

the Proterozoic to the Early Paleozoic (Fig. 1). The tectonic evolution of northwest China




is complex, and includes evidence of Late Paleozoic consolidation that was modified by
Mesozoic foreland basin development, followed by Cenozoic uplift produced by
compression and strike slip faulting (Berzin, Buslov, and Dobretsov 1991; Sengor,
Natalin, and Burtman 1993).

The important cratonic elements of China are the Sino-Korean and Yangtze cratons
and, to the west, the Tarim Platform (Fig. 1) (Zhang, Liou, and Coleman 1984). Equally
important is the Siberian craton far to the north with its extensive Early to Late Paleozoic
accretional belts now outcropping in the Altai Mountains.

The Sino-Korean craton forms a roughly triangular shape which includes Northern
China, North Korea, and South Korea (Fig. 1). The nucleus of the craton is considered to
have formed 3.0 Ga followed by the Wutai orogeny at 2.0 Ga with final consolidation at
1.7 Ga. From Late Proterozoic to Ordovician time, a thick passive margin sedimentary
sequence was deposited. Late Ordovician to Early Carboniferous sediments are generally
missing. Permian molasse and coal measures mark the final closure between the Sino-
Korean and Siberian cratons (Zhang, Liou, and Coleman 1984) The Yangtze craton
formed in the period between Late Archean and the Late Proterozoic with final
consolidation during the Yangtze orogeny (~ 825 Ma) (Zhang 1985; Chang et al. 1994).
The Yangtze and Sino Korean cratons were separated by the eastern Paleoasian Ocean
(sometimes called Paleo-Tethys) until they collided to form the Qinling accretional belt in
the Early Mesozoic (Chang et al. 1994).

The Tarim platform is a relatively small block with many internal basement units
characterized by a thick cover of passive margin sediments dating from Late Proterozoic
to Cenozoic (Ren et al. 1987). The Yili block forms a very small triangular wedge whose
basement is Proterozoic with a similar history to that of the Tarim platform (Zhou, 1997).
Present day convergent strike-slip faults have imbedded the Yili Block into the Tianshan
(Fig. 1). The consolidation of the Tarim platform, the Yili Block, and the Tianshan
accretional zones began in the Carboniferous. The change from marine to lacustrine
deposits in the Junggar and Turpan basins was accompanied by collisional and intruding
post collisional granites during the Late Carbonifeous and Permian marking the closure of

the western Paleoasian Ocean (Carroll et al. 1995). To the east, the Yangzte and Sino-




Korean cratons with their accreted margins came together in the Early Mesozoic forming
the Qinling accretional system (Zhou and Graham,1996). Antecedent to these earlier
amalgamations was the Himalayan collision (commencing ca 45 Ma), that has been
marked by 2000 km of convergence between India and Eurasia, some of which occurs in
the previously described consolidation of Central Asia (Northwest China) (Powell and
Conaghan,1973). Basin analyses and fission track studies of the Chinese Tianshan
indicates that on set of rapid uplift in the Mid-Tertiary, that continues up to the present,
can be related to the Himalayan collision (Carroll et al.,1995; Zhou,1997). There is good
evidence that at least some of the convergence can be accounted for by strike slip motion
and compression (folding) across the Altai Mountains to the Kunlun Mountains (Zhou and
Graham 1996). '

GEOLOGICAL SETTING

The north-south transect cuts eight distinct blocks at high angles (Fig. 2). Major
faults and sutures dividing represent terrane boundaries. Some of these boundaries are still
active and have been the locus of major historic earthquakes, while others mark the

tectonic zones of Paleozoic and Mesozoic continental growth.

The Altai Block

North of the Ertysh fault, the Altai block (Fig. 2) includes an Early Paleozoic
accretionary wedge nearly 12 km thick, consisting of metamorphosed sandstone, shales,
and minor limestones. Intercalated within these sedimentary sequences are mid-Paleozoic
island arc volcanics and calc-alkaline intrusives. Paleozoic low P and high T
metamorphism affected all of these rocks with intensity decreasing from north to south
(Cunningham et al., 1996a, Cunningham et al., 1996b; Qu and He, 1993; Dong, 1993;
Windley et al., 1990) (Fig. 2). The question of the existence of older basement in the Altai
is not yet resolved, but the presence of gneissic rocks along the southemn border are
considered as Precambrian basement (Chang, Ying, and Coleman, 1996). Windley et al.

(1994) suggest that these gneisses may represent Precambrian-Early Paleozoic accreted




fragments. Berzin et al. (1994) show the Altai block as a micro-continent with possible

Precambrian basement (Bibkova et al., 1992).

Junggar Accretional Belt

The Junggar Accretional Belt between the Ertysh and Kelameli faults consists mainly
of accreted Devonian and Carboniferous sediments and volcanics with only scattered
Ordovician and Silurian rocks. Dismembered ophiolites are concentrated along the Ertysh,
Kelimali and Almanti faults (Fig. 2). Associated radiolaria cherts in this zone range from
Devonian to Carboniferous. These ophiolites and cherts occur mainly in a serpentinite
matrix melange indicating continued subduction and accretion from Early -Middle
Devonian to Early Carboniferous. Calc-alkaline intrusions of this time period within the
Altai and Junggar accretionary belt are derived from nonh-directed subduction. The final
closure along the Junggar accretional belt is marked by abundant post collisional granite
intruding both the Junggar belt and extend northward into the Altai block (Coleman,
1989).

Junggar Basin

The Junggar basin is deposited on a basement similar to the Junggar accretional belt.
The basin is triangular in shape, thickening gradually from north to south, and becoming
extremely deep along the Bogda island arc mountain front (Fig. 2). The basal upper
Permian deposits of the Junggar Basin are non-marine and deposited within a subsiding
foreland basin (Carroll et al, 1990). Plate tectonic reconstructions suggest that the
basement for the Junggar Basin consists of incompletely subducted mid-Carboniferous

ocean crust now imbricated with sedimentary trench volcanic arc deposits.

Bogdashan Volcanic Arc

The Carboniferous Bogdashan volcanic arc, south of the Junggar Basin, developed
by southward subduction and extension within the earlier accreted Paleozoic and
Precambrian Tianshan blocks. The core of the arc appears to be centered in the Bogdashan

where thick sections of Carboniferous submarine pyroclastics and basal-andesite flows




extend north and south'across the present Junggar and Turpan Basins (Coleman,1989)
(Fig. 2).To the west of the Bogdashan in the Borohorashan, the Carboniferous volcanics
rest unconformably on Early Paleozoic folded accreticnal complex of trench sediments and
dismembered ophiolite. Evidence for a Precambrian basement underlying these
Carboniferous volcanics is not seen along the northern front of the Bogdashan (Ren et al.,
1987). Permian lacustrine deposits and their overlying granitic-rich clastics are similar in
both basins suggesting that an Andean-type arc did not separate the Turpan and Junggar
Basin at this time (Greene et al., 1997).

Turpan - Hami Basin

The Turpan-Hami Basin depositional sequences are similar to those in the Junggar
Basin and consist of basal Carboniferous andesitic volcanics overlain by Permian lacustrine
mudstones interlayered continental fluvial and volcanic sediments. The Permian sequence
is overlain by nearly 3000 m Triassic and Jurassic foreland-style continental deposits, rich
in coals and lacustrine mudstones (Carroll et al., 1995; Greene et al., 1997). The
Carboniferous volcanic clastic sequences exposed on the southern margins of the Turpan-
Hami basin are intruded by late Paleozoic calc-alkaline granites related to the Bogdashan

arc.

Tianshan

South of the Kushi Fault ( also called the South Tianshan or Nicolaev Line), the
Tianshan zone has been tightly compressed during the Mesozoic and Cenozoic (Fig. 2).
The Central Tianshan consists of Proterozoic gneiss and schist intruded by Late Paleozoic
calc-alkaline granite. These older rocks are overlain by passive margin carbonate and
continental clastics of Middle and Upper Proterozoic age (Ren et al.,, 1987). The South
Tianshan merges with the passive margin of the Tarim Platform. A Late Paleozoic
subduction scenerio between the Tarim and Central Tianshan has been suggested by
(Allen, Windley, and Zhang,1992) based on scraps of ophiolite within the South Tianshan
fault zone. Pinching and complete wedging-out of the Central Tianshan further eastward,

is related to dextral strike slip faulting and crustal subduction of the Central Tianshan




block under the north facing passive margin of the Tarim Platform (Fig. 2). Finally, the
Cenozoic shortening of this area is considered to result from the collision of the Indian
Craton to the south (Carroll et al., 1995; Windley et al., 1994). Th= Cenozoic imbrication,
and thickening of the crustal section south of the Bogdashan, was accomplished by
thrusting and strike-slip faulting at the surface, submerging the Central Tianshan under the
Tarim passive margin (Fig. 2). Present day strike slip motion along the Altyn Tagh wedge
(Zhou and Graham,1996) has combined to produce an unusually thick continental crust
underlying the GAC transect at this longitude.

Tarim

The Tarim Platform is covered by a thick foreland sequence of continental deposits.
It is nearly 10 km thick in the central portion, and thins northward to 5 km . The Altyn
Tagh fault system has exposed Archean(?) basement on the southern boundary of the
craton. These older {o.cks are cut by early Paleozoic calc-alkaline granite (Fig. 2). Beneath
the sediments of the Tarim Basin, Late Proterozoic rocks floor the entire basin and exhibit
some extension but the only evidence for older oceanic crust comes from the alkali-rich,
rift mafic intrusives, and flows of limited exposure. The Paleozoic sequence overlying
these older rocks consists of shallow marine sediments overlain by foreland-type sediments

from the Mesozoic to the present (Ren et al.,1990).

Qaidam Depression - Altyn Tagh Fault

The Qaidam Depresson is a Mesozoic-Cenozoic depression consisting of non-marine
strata derived from lacustrine and fluvial fan deposits that contain significant coal measure
(Carroll et al.,1990; Ritts, 1995). The basement consists of a late Paleozoic fold belt
containing active continental margin sediments and volcanics. The whole sequence is
strongly folded and is related to the east-west trending Kunlun suture containing evidence
of Paleozoic convergence and development of high P - low T metamorphic rocks. The
Altan Tagh fault zone truncates these deformed E-W trending Qaidam units, juxtaposing

them against the mildly deformed Tarim Platform sequnces (Zhou and Graham, 1996).



SEISMIC DATA
General considerations

Seismic energy was provided by twelve shots fired in boreholes. These shots had
charge sizes ranging from 1500 to 4000 kg, with a maximum offset of 300 km. The
shotpoint interval ranged from 63 to 125 km, and the receiver interval was between 2 and
4 km. The entire profile is not linear, however the layout makes it possible to consider it
as three nearly straight segments for purposes of interpretation.

In order to aid in the correlation of phases, reduction velocities of 6.0 km/s and 3.46
km/s were used for P- and S-waves, respectively. The time scale used for S-waves was
multiplied by a factor of 0.58 in the S-wave record section so that they match the P-wave
arrival times. Because a slight time shift is introduced by digital filters, the unfiltered P-
wave data was used for phase correlation and traveltime picking. In order to improve the
signal-to-noise ratio for phase correlation, the S-wave data was filtered with a 0-6 Hz
bandpass.

Commonly used definations of phases, P, (S,) actually corresponds to two traveltime
segments. The first, near the shotpoint, is a diving wave within the sedimentary layer,
whereas the second is the refraction (or diving wave) from the top of basement. P,P
(8:8), PoP (S2S) and PP (S.S) are the reflections from the top of middle crust, lower
crust and low velocity layer for P-waves (S-waves), respectively. PP (SnS) is the
reflection from the Moho, and P, (8,) is the refraction from the Moho. The typical phases

mentioned above are shown in some record sections (Fig. 3).

Correlation of phases

In general, Py(S,) is a very clear phase from which we can identify and specify the
traveltime very accurately. It contains detailed information about the upper crustal
velocity structure, including sediments, or weathered layer, and basement.

The first segment of Py (S,), corresponding to the waves propagating in the
sediments or weathered layer, is well characterized because it is the first arrival within a

distance of 50 km of the shotpoints. P-wave velocities observed for this segment increase




from the surface to a greater depth with stronger velocity gradient. The thicker or the
lower the near-surface velocity is, the larger the P, (S,) time delay. In some places where
sediments were thin or absent, this phase has a very small time delay, and an apparent
velocity of about 6.0 km/s for P-waves (3.46 km/s for S-waves), for example, in the case
of record section of SP1 (Fig. 4). However, the traveltimes of P, (Sg) from shotpoints SP4
and SP7 (Fig. 5 and 6), which are located at the Junggar and Turpan basins respectively,
are of a larger time delay. At distances greater than 50 km about from the shotpoint, P,
(Sg) becomes a refracted phase along the basement, below the sediments or weathered
layer, with an apparent velocity that is usually close to or higher than the reduction
velocity.

So far, we have discussed phases that occur as first arrivals near the shotpoint, which
are usually easier to identify than later arrivals. The reflection P\P (S,S) from the top of
middle crust, the next phase to arrive after Py (S;), has a larger amplitude than P, (Sp). At
certain distances, this phase seems to be a first arrival because the P, (S,) energy is too
weak to be detected.

The phase P,P (S,S), which corresponds to the reflection from the top of the lower
crust, is observed in most of the record sections, and is characterized by its arrival before
the PP (SnS) phase; PoP (8,S) intersects PP (S,S) between a distance of 200 and 250
km. Despite the very great energy of the PP (SnS) phase, some energy from the P,P
(S2S) phase can be seen on the record sections as well.

In the record sections observed southwards from SP7, another phase PLP (S.8), can
be identified in the record sections between the phases P,P (S,S) and P.P (S,S). This
phase-is visible in the trace-normalized record section despite its weak energy when
compared to the very strong PP (SnS) phase; it nearly parallels P,P (S;S), but has a lower
average velocity. It is the phase that makes the Moho reflection a clear time delay in the
related regions (Fig.3 & Fig.6) . Because no obvious time delay appears for the phases
before P,P (S,S), so the phase PLP (S.S) is infered as a reflection from the top of a low
velocity layer beneath this southern section of the profile.

The Moho reflection PP (SnS) represents the arrival with the largest amplitude at

distances larger than 100-150 km, which indicates the critical distance range for reflection




from the Moho. Due to the complex structure, especially low velocity layer within the
crust bellow the profile, the phase PnP (SmS) exists in two segments with a clear time
delay at some special location. This cases can be found in the record sections from
shotpoint SP7 and SP10 (Fig.6 and Fig.3). In the record section of SP7, the arrivals of
PnP (SmS) becomes later at the distance greater than 170 km around in the southemn
branch (about at 780 km and shotpoint SP7 is located at 602.30 km along the profile) .
Meanwhile, in another record section of SP10, the traveltimes of P,P and SnS both delay
at the distance shorter than about 200 km in northern branch (about 700 km and shotpoint
SP10 is 887.70 km along the profile). These evidences indicate that the northern start
point of the low velocity layer must be located at 750 km around along the profile.

P, was observed for several shots which had receiver offsets >200 km where this
phase can be seen as a first arrivals in the record sections (Fig.3, 5 and 6). The respective
phase, S, is also visible in some S-wave sections respective to P-waves. Forward
modeling of P, observations was used to determine the velocity structure of the uppermost

mantle.

MODELING THE DATA

Based on the phase correlation described above, the first arrivals of the P, phase
were used to invert for the upper crustal velocity structure using a finite-difference
tomographic method (Hole, 1992). The reflection phases P,P, P,P, P,P and P,P were
used to determine the approximate velocity structure of the middle to lower crust with the
X°-T? method (Giese, Prodeh! and Stein, 1976). After establishing an initial crustal P-
wave velocity structure, the final P-wave model was determined using 2-D forward
raytracing modeling (Cerveny, Molotkov, and Psencik, 1977; Cerveny and Psencik, 1984)
and amplitude modeling using by the reflectivity method (Fuchs and Muller, 1971) and 2D
ray methods. By adjusting the velocities and depths of the boundaries with raytracing
method, the different phases on the record sections were all appropriately fitted for the

traveltimes, and then the P-wave velocity model was established.
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Because the intra-crustal boundaries were kept fixed, the S-wave velocity structure
differs from P-wave velocity structure only in its velocity distribution. The upper crust
shares similar characteristics to the P-wave structure, and just replacing P-wave velocity
with S-wave velocity (assuming Poisson’s ratio is 0.25) satisfies these data. The Two-
dimensional forward modeling was used to fit the remaining S-wave phases. Finally, from
the respective P- and S-wave velocity models, the distribution of Poisson’s ratio can be
calculated.

The accuracy of the final model is dependent on a large number of factors, such as
shotpoint interval, receiver density, thickness of sediment in shallow and so on, but
primarily the correct identification of the various phases and the number of ray paths
intersecting a particular volume of the model. Perturbation of the models has shown that
resolution of the velocity and depth to interface may be accepted as better than 2% and
5%, respectively, dependent on the uniformity of structure and the ray-path coverage.

Finally, the final P and S-wave crustal velocity structures of the profile along the
Geoscience Transect from Taiwan to Altai, including the Poisson’s ratio structure, are

shown in Fig. 9. The models reveal obvious differences between tectonic units.

P and S Velocity Structure

The crustal velocity model (Fig. 9) shows many significant features. The velocity
distribution near surface varies greatly layerally. In Altai block and the Junggar accretional
belt, the velocity is very high (Vp=5.5 km/s, Vs=3.1 km/s). The Bogda shan and Tianshan
accretional belt also share similar characteristics. In some Mesozoic and Cenozoic basins,
however, such the Junggar, Tourpan-Hami and Dunhuang basins, the velocity is lower
(Vp=3.7~5.8 km/s and Vs=2.3~3.3 km/s) than that around the basin, and increases rapidly
with depth. In the Junggar Basin, the P-wave velocity near the surface is about 4.3 km/s
(Vs=2.5 km/s) and increases to 5.8 km/s (Vs=3.3 km/s) at about 5 km below the surface.
The Turpan-Hami Basin appears to have the thickest sediments, approximately 10 km,
with the low velocity of 3.7 kn/s (Vs=2.3 km/s) on the surface increasing to 5.9 km/s

(Vs=3.4 km/s) above its basement. For the Dunhuang basin (eastern Tarim), the velocity
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increases similarly from 4.2 km/s (Vs=2.9 km/s) to 5.8 km/s (Vs=3.3 km/s) over a depth
of 6 km.

These data reliable outline the lateral and depth extent of sedimentary basins due to
the clear contrast in velocity between basin fill and the top of the crystalline upper crust.
Over most of the profile, the velocity of the crystalline upper crust is 6.0-6.1 km/s at
depths between 8-14 km. However, beneath the Bogda shan, a higher velocity block
(Vp=6.30 km/s, Vs=3.7 km/s) exists in the shallow crust.

The velocity in the middle crust is 6.6 km/s under the Altai block and Junggar
accretional belt, and 6.5 km/s between Junggar and Turpan-Hami basins. Towards the
southern part of the profile, a lower velocity layer, about 5 km thick and with a P-wave
velocity of 5.9 km/s (Vs=3.4 km/s), is overlain by a higher velocity layer of 6.3 km/s
(Vs=3.6 km/s). Because of the low velocity layer, the time delay of the reflections from
Moho become obviously clear, as the phase P,,P shown on the record section of shot SP7
and SP10 in which the reflection traveltimes of PP (SnS) phase in the south of Kushui
(~750 km in the profile) is larger than in the north (see Fig.3, 6,7 and 8).

The thickness of the lower crust varies with tectonic province. especially in the
thickness of the layer. The thickness averages 30 km with a velocity of 7.0 km/s (Vs=3.9
km/s) beneath Altai block and Junggar accretional belt, and the Moho is at a depth of
about 54 km. The lower crust becomes thin obviously beneath the Junggar basin, where
the depth of the Moho is close to 46 km. However towards south, the Moho becomes
deeper in a form of two steps with a velocity of 6.9~7.0 km/s (Vs~4.0 km/s), first step in
Bogdashan and Turpan-Hami basin with a depth of 47 km and the second in the
southernmost part with a depth of around 50 km.

The velocity distribution derived from P, phases for the uppermost mantle varies
from 7.7 to 8.0 km/s; the most significant characteristic is the lower value of 7.7-7.8 km/s
under the region between Junggar and Turpan-Hami basin, however higher value of 8.0
/km appears beneath Altai block and Junggar accretional belt, Tianshan accretional belt

and Tarim platform.

Poisson’s ratio
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The Poisson’s ratio along the profile is shown in Fig. 9. For the sediments and
weathering layer, Poisson’s ratio is lower than 0.25, especially for the sediments in the
basins. The Turpan-Hami Basin has a minimum value of 0.18~0.25, while the Junggar
Basin has a higher value, 0.24-0.25, even when compared with other basins. However, in
accretional belts, Poisson’s ratio is higher, especially in Altai block and Junggar
accretional belt with a value of 0.25, even in the Junggar basin.

In the upper crystaline and middle crust including lower velocity layer, the Poisson’s
ratio is around 0.25 except for Altai and Junggar region which is characterized by higher
Poisson’s ratio of 0.26~0.27.

The similar feature to middle crust appears in the lower crust with a value of
0.26~0.27 for the most of the profile, however, the value becomes higher beneath the
Altai tlock up to 0.28.

According to the Poisson’s ratio section, it seems to be obviously clear that, in a
view of whole crust, Poisson’s ratio is higher than other areas along the profile beneath
the Altai block and Junggar accretional belt, especially the lower crust with the highest
value of 0.28. In the adjacent area, under Junggar basin, Poisson’s ratio above the lower
crust is higher than any other region along the profile, its sediments aslo shares the same
characteristics. In the Junggar basin, a high value of 0.26-0.27 predominates in the crust,

the shallow part also shares the high value of 0.24~0.25.

DISCUSSION AND CONCLUSION

This profile resulted in a high quality data set which was used to derive the crustal
structure (P and S-wave velocities and Poisson’s ratio) beneath the area of the transect.
These results reveal the characteristics of the crustal structure (Fig. 9) within the study
area. The depth of Moho along the profile has a dramtic variation in the junction of the
Junggar accretional belt and the Junggar basin from 54 to 46 km, however, in the south of
the junction, the Moho of about 48 km with a slight variation has good agreement with the
results inferred from teleseismic data (Feng et al., 1980; Lui et al., 1989, Teng et al., 1992
and 1994; Hanan Mahdi and Gary L. Pavlis,1998).
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The Poisson’s ratio, an elastic deformation characteristic related to the composition
and degree of disturbance of crystalline rocks, typically low for brittle and fractured rocks
with high quartz content (Krilov et al., 1995b; Zandt et al, 1994; Zandt and Ammon,
1995, Zandt et al., 1995; Christensen, 1996; Rudnick and Fountain, 1995), becomes more
and more important, and has the potential of providing valuable constraints on crustal
composition and comprehensively understanding the nature of earth’s crust. Now, as
laboratory-based compressional and shear wave velocity measurements for common rock
types become available, so the Poisson’s ratios determined from field measurements are
particularly important because the correlation between compresional wave velocity and
composition is limited due to the similar compressional wave velocities of many common
crustal rock types (e.g., Birch, 1960, 1961; Christensen and Mooney, 1995; Christensen,
1996). By combination of velocity structure with Poisson’s ratio, an comprehensive
interpretation of the crustal structure is possible (Fig. 1#).

The crust in the north of the junction between Altai block and Junggar accretional
belt is of highest Poisson’s ratio of 6=0.25-0.28 and the greatest thickness with high
velocities along the profile, probably implies that the crust enriches mafic composition and
Precambrian basement probably exits there due to the high velocity both P and S-wave
and high Poisson’s ratio, which is related to the presence of gneissic rocks along the

souther border (Chang, Ying, and Coleman, 1996). Comparing with some seismic results

the northmost part, Altai block, has a very similar feature of velocity structure just with a
variation of crustal thickness, this probably reflect the characteristics of the foreland of
Siberian craton. However, there is a very distinct difference between Altai block and its
south.

In the Junggar basin, there is much discussion concerning the basement, which may
be composed of either Precambrian crystalline rocks or Paleozoic accretional rocks (Yang
and Yang, 1985; Tao and Lu, 1980). The seismic cross section shows a higher Poisson’s
ratio of 0.26-0.27 than that of 0.25-0.26 in its northern side, especially in the upper and
middle crust. This may imply a mafic-rich basement, probably Precambrian basement. With

a consideration of the obvious variation in crustal thickness against both sides and other
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geophysical evidences (L. Zhang, 1991) combined with the outcrops of Precambrian rocks
around the Junggar Basin in the accretionary belts peripheral to the basin (C. Zhang,
1997), we prafer to infer the crust a Precambrian Massif or Precambrian crust other than
oceanic crust imbricated with accretionary sediments.

The crust evolution of Bogdashan and Turpan-Hami basin is relatively complicated,
and there are some controversies about the nature of the crust. Along the wide-angle
reflection/refraction profile, a lower Poisson’s ratio of 0.25-0.26 in this region was
observed. Lead systematics on the Tianshan post collisional granites south of the Nicolaev
Line reveal isotopic ratios characteristic of Precambrian crustal rocks distinctly different
than post collisional granites in the Junggaar accretional belt. The young age of the post-
collisional thermal event has prevented fractionation and underplating typical for much
older cratons (Rudnick and Fountain, 1995). The oldest exposed rocks in this region are
Paleozoic ophiolitic, accretionary and arc rocks of oceanic affinity. The latest results from
the isotopic variation of Nd, Sr, and Pb in Paleozoic granitoid Plutons along an east
Junggar-Bogdashan-Tianshan transect show that the distinctive differences exist between
this region and the adjacent area, and that the primary magamas chiefly from depleted
mantle sources were probably MORB-like basalt, extracted from upwelling asthenosphere
behind downgoing subduction slabs and ponded at the base of the oceanic arc crust (Wen
et al., 1998). According to Russian deep seismic sounding results (Krilov et al,, 1995b),
the Jow Poisson’s ratio may imply that the block may consist of migmatized accretional
crust produced by the thermal event related to the passive collision between the Junngar
and Tienshan accretional belts and the crust has undergone homogenization and melting
during the late Paleozoic thermal event marked by post collisional granites which are
quart-rich with much calc-alkaline intrusives. In other hand, because of the strong and
frequent geological and tectonic activity, the crust become very fractured so that the

Poisson’s ratio within the crust becomes lower.
In the south of Turpan-Hami basin along the profile, Poisson’s ratio for the basement

and middle crust is also lower, probably due to the presence of granites formed in the

same thermal event. The lower crust has a higher Poisson’s ratio of 0.26-0.27 than above
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due to fractionation of the older crust and perhaps development of granulite facies rocks in
the lower crust. Because the fault Altyn Tagh is a strike-slip fault at the boundary between
the Tarim Platform and the Kunlun-Qilian-Qinling fold system, the low velocity layer
within the middle crust with a low Poisson’s ratio of 0.25 can be considered to be
composed of calc-alkaline intrusives in the middle crust near the fault zone. However, the
Poisson’s ratio becomes higher in the lower crust beneath the Dunhuang (Western Tarim)
basin than that beneath Tianshan region, so it can be deduced that the crust, specially the
lower crust, is not very mafic, in other words, the older crust in the southern part of
profile may be Tarim Platform that was invaded by granitic materials formed during the
thermal event that formed in the Late Palaeozoic collision and delamination and Kushui
fault near shotpoint SP9 probably is the boundary between Paleozoic acretional belt and
Tarim platform.

We have modeled the crustal velocity structure both P and S-wave and Poisson’s
ratio along the wide angle reflection profile in northwest China to invesitigate the crustal
characteristics and possible crustal compositon. In summary, we have infered following
conclussion according to the crustal model:

1. Beneath Altai and Junggar regions, a Precambrian basement probably exists by the
evidence of high velocity both P and S-wave, high Poisson’s ratio and some presences of
Precambrian rocks within or aroud these regions.

2. A grand accretionel belt maybe exists between the southern margin ofJunggar
basin and northern margin of Tarim platform and is composed of Bogda Shan, Turpan-
Hami basin and Tianshan, being produced by the thermal event related to the passive
collision between the Junngar and Tienshan accretional belts and the crust has undergone
homogenization and melting during the late Paleozoic thermal event marked by post
collisional granites which are quart-rich with much calc-alkaline intrusives. The lower
Poisson’s ratio is mainly caused by the vast of post collisional qurtz-riched granites. In
other hand, the low Poisson’s ratio also has the contribution of fractured crust which is

characterized in this region.
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3. The low velocity layer in the southern part of the profile probably is due to the
calc-alkaline intrusives in the middle crust near the fault zone between Tianshan and

Tarim.
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Figures

Figure 1 Tectonic setting of China indicating location of Geoscience transect line.

Figure 2. Tectonic Map of the Northwest China CAG Geoscience Transect Line Shot-
point layout used in the experiments are shown as numbered dots. Mapping
modified from Wang et al, (1996)

Figure 3. Record sections of shotpoint SP1. ( upper: trace-normalized band-pass filtered
(0-8 Hz) S-wave record section with a reduction velocity of 3.46 km/s and a factor
of 0.58 in time scale with respect to P-wave record section;, lower: trace-
normalized P-wave record section with a reduction velocity of 6.00 km/s.)

Figure 4. Record sections of shotpoint SP4. ( upper: trace-normalized band-pass filtered
(0-8 Hz) S-wave record section with a reduction velocity of 3.46 km/s and a factor
of 0.58 in time scale with respect to P-wave record section; lower: trace-
normalized P-wave record section with a reduction velocity of 6.00 km/s.)

Figure 5. Record sections of shotpoint SP7. ( upper: trace-normalized band-pass filtered
(0-8 Hz) S-wave record section with a reduction velocity of 3.46 km/s and a factor
of 0.58 in time scale with respect to P-wave record section, lower: trace-
normalized P-wave record section with a reduction velocity of 6.00 kmy/s.)

Figure 6. Record sections of shotpoint SP10. (upper: trace-normalized band-pass filtered
(0-8 Hz) S-wave record section with a reduction velocity of 3.46 km/s and a factor
of 0.58 in time scale with respect to P-wave record section, lower: trace-
normalized P-wave record section with a reduction velocity of 6.00 km/s.)

Figure 7. Raypath and sythetic seismogram for shotpoint SP7

Figure 8. Raypath and sythetic seismogram for shotpoint SP10

Figure 9. The crustal structure of the profile along the GTTA. (upper: P-wave velocity
structure; lower: S-wave velocity structure and Poisson’s ratio, where the dashed
lines indicate the top of basement.)

Figurel0. Geological cross-section of the transect with P-wave velocity structure
superimposed (Section follows shotline and therefore has some distortion crossing

Bogdashan).
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